In previous study, a monitoring system of removing intravenous drip (IV) needles by RFID is suggested and evaluated. When patients removed their IV needles, this system alerts the accidents to nurses. This paper tries to improve this system by use of improved antennas in order to reduce false-positive. For our proposed system, a tag antenna and a reader antenna are designed. In addition, characteristics of these antennas are calculated. Moreover, our proposed system is evaluated by use of a fabricated antennas and an examinee. From the results, this paper shows a stable monitoring system of removing IV needle.
Introduction
Removing IV needle by patient is 3 rd ranked medical accident in Japan in 2013 [1] .
Therefore, as a previous study, a basic monitoring system for removing IV needles by RFID was suggested and evaluated in [2] . In this system, an RFID tag is attached to a tape to secure the IV needle. In addition, a reader antenna is set at an IV tube. Then, when the tape is removed in order to remove the IV needle, the IC chip come off the RFID tag and communication between the tag and the reader is stopped. In other words, the system detects removing IV needles by whether the tag can communicate with the reader or not. In [2] , the possibility of removing IV needle monitoring is showed, but the system has two matters to improve. One is that if the direction of the arm is changed, the communication between the tag and the reader is stopped because the tag antenna and the reader antenna are polarized antennas. The other is that the communicable distance between the tag and the reader is short. The maximum communication distance is 150 mm. Therefore, for stable monitoring the expansion of communication area is required. Thus, this paper shows an advanced monitoring system for removing IV needle by improved antennas. By changing a structure of the tag antenna and adding a reflector, effects from an arm are reduced. In addition, the reader antenna is set at the bottom of a mattress pad. The reader antenna becomes a circular polarized antenna in order to prevent effects from the direction of the arm. For this system, characteristics of proposed antennas are calculated. Moreover, the communication area between the fabricated tag and the fabricated reader is measured by use of an examinee. Fig. 1(a) shows the structure of the proposed RFID tag. Our proposed RFID tag is consisted of an IC chip, a tag antenna, felts, a reflector and tapes. The tag antenna is a folded-dipole antenna. The operating frequency of this antenna is 920 MHz. In addition, by use of the reflector, effects of the arm are blocked and the communication area is expanded [3] . In addition, if patients remove their IV needles, the IC chip is separated from the tag antenna and the communication between the tag and the reader is stopped. Fig. 1(b) shows the proposed reader antenna. The reader antenna is used a patch antenna in our proposed system. This antenna is made of the conductive sheets and felts in order to be used on a recliner bed. The operating frequency of this antenna is 920 MHz. In addition, the reader antenna is a circular polarized antenna by cutting two corners of the radiating element. The rate of the cutting area is 0.62% of the radiation element. The detail of this antenna is shown in [4, 5] .
Calculation models
The analytical models of the tag antenna and the reader antenna are shown in Fig. 1 (c), (d). Fig. 1(c) shows that the arm model with the proposed tag antenna is put on the mattress pad model and the reader antenna is set at the bottom of the mattress pad model. The distance between the reader antenna and the tag antenna is 100 mm. The position of the RFID tag is center of the reader antenna. Fig. 1(d) shows the case that the IC chip is separated from the RFID tag because patients remove their IV needles. The electrical constant of arm model is " r ¼ 37:3, ' ¼ 0:65 S/m, that of tape model is " r ¼ 1:5, ' ¼ 0 and that of felt model is " r ¼ 1:36, ' ¼ 0. In these situations, reflection coefficients and transmission coefficients are calculated. 
Characteristics of proposed antennas
At first, calculated characteristics of the proposed tag antenna are discussed. The calculated reflection coefficient of the proposed tag antenna is −11.8 dB at 920 MHz. The reflection coefficient of the tag antenna is calculated from formula (1).
where, Γ is the reflection coefficient, Z ant is the impedance of the antenna and Z IC is that of the IC chip. From the result, the impedance of the tag antenna is matched to that of the IC chip at 920 MHz. The radiation efficiency of this antenna is 6.6%. Compared with [2] , the radiation efficiency of the tag antenna is increased by 5.7%. As the result, it is said that the effects of the arm are blocked by the reflector. In addition, the expansion of the communication area is expected.
On the other hand, the reader antenna is fed by a coaxial cable so that the target impedance of the reader antenna is 50 Ω. The reflection coefficient of the reader antenna is −14.4 dB at 920 MHz. From the above results, our proposed antennas may be used in our proposed system. Table I shows the transmission coefficients between the proposed tag and the proposed reader. In this Table the model of Fig. 1(c) is defined "With arm" and the model of Fig. 1(d) is defined "Only IC chip". From Table I the difference of the transmission coefficients depending on the direction of the arm is small. Therefore, our proposed system can be used even if the direction of the arm is changed. In addition, compared to [2] , the transmission coefficient is improved by over 3 dB in case of "With arm". On the other hand, if the IC chip is separated from the RFID tag, the transmission coefficient is reduced by about 20 dB. Moreover, if there is the arm or the human body of a patient near the IC chip, the electromagnetic wave is absorbed by them. Thus, the value of the transmission coefficient is reduced further.
Calculated transmission coefficients
Here, the required transmission coefficient between the IC chip and the proposed reader is discussed. In general, the power necessary to excite the IC chip is −20 dBm. The radiation power of the reader antenna is 24 dBm. Thus, our proposed system is used safety. Therefore, the required transmission coefficient for communication is about −44 dB. Compared with the required value, the trans- mission coefficient of "With arm" is higher than 10 dB. Therefore, even if the position of the arm is changed, the tag can communicate with the reader. On the other hand, in the case of "only IC chip", the transmission coefficient is lower than 7 dB. Thus, the regardless of the position of the IC chip, the IC chip is unable to communicate with the reader. From these results, our proposed system can detect the removing IV needles by use of the difference between the values of transmission coefficients.
Measurement in real situation
The communication area between a fabricated RFID tag and a fabricated reader antenna is measured by an examinee. The radiated power of the proposed reader antenna is 250 mW which is equal to the maximum power of a third-generation mobile phone. Now, mobile phones are allowed to be used in a hospital room. Thus, this system can be used safety. Fig. 2(a) shows the experimental environment. The examinee with the fabricated RFID tag lies down on a mattress pad. In addition, the fabricated reader antenna is set at the bottom of the mattress pad. The examinee moved from right to left or up and down at 50 mm interval. Then, whether the tag can communicate with the reader or not is measured in each position. IC chip is come off the RFID tag by removing the IV needle, the IC chip could not communicate with the reader. Therefore, if some reader antennas are used, our proposed system can detect removing IV needles by whether the proposed tag can communicate with the proposed reader or not regardless of their positions.
Conclusion
This paper presented an advanced monitoring system for removing IV needles by RFID. For our proposed system a tag antenna and a reader antenna were designed by calculations. Then, the transmission characteristics between the proposed tag antenna and the proposed reader antenna in a real situation were shown. Moreover, the communication area between the RFID tag and the reader were measured. As these results, this paper shows that our proposed system can detect removing IV needles by whether the tag can communicate with the reader or not.
